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GHVWLQDWLRQVLQFOXGLQJPRUHH[WHQVLYHUHJLRQDOOLQNDJHV5RXWHVIRUF\FOLVWVVKRXOGEHVHWXSDQ\ZKHUHZKHUHVSDFH
FRQGLWLRQVRIORFDOURDGVDOORZLW
,QWKHIROORZLQJVHFWLRQVRIWKHFRQWULEXWLRQWKHDXWKRUVIRFXVRQWKHLVVXHVRIELF\FOHFRPPXQLFDWLRQGHVLJQLQJ
LQXUEDQDUHDVLQUHODWLRQWRLQFUHDVLQJWKHVKDUHRIF\FOLQJWUDQVSRUWRQWKHPRGDOVSOLWLQWKHFLW\RI&HVNH%XGHMRYLFH
%LF\FOH7UDQVSRUWLQWKH&]HFK5HSXEOLF(YDOXDWLRQ8VLQJ6WDWLVWLFDO7RROV
0RUH GHWDLOHG DVVHVVPHQW RI WKH FXUUHQW VWDWH RI F\FOLQJ WUDQVSRUW LQ WKH &]HFK 5HSXEOLF PHHWV ZLWK VLPLODU
SUREOHPVDVLQWKHFDVHRIHYDOXDWLRQDW(XURSHDQOHYHO±LHWKHIDFWXDOODFNRIUHOHYDQWJHQHUDOGDWDZLWKWKHODFN
RIFXUUHQWGDWD
(YDOXDWLRQRI%LF\FOHWUDQVSRUWWKHUHIRUHZDVGRQHXVLQJSDUWLDORXWFRPHVRIVRPHUHVHDUFKSURMHFWVPDGHEHIRUH
HVSHFLDOO\SURMHFW&<&/(3DUWLDORXWSXWVRIWKLVSURMHFWEXLOWRQGDWDREWDLQHGIURPWKHý6Ò±1DWLRQDO&HQVXV
DQG+RXVLQJ6/'%6SHFLILFDOO\GDWDRQSRSXODWLRQFRPPXWLQJWRZRUNDQGVFKRROE\PHDQVRIWUDQVSRUW
ZHUHXVHG>@
,QWKH\HDURQO\DERXWRIWKHSRSXODWLRQIURPDERXWFRPPXWLQJLQKDELWDQWVXVHG
WKHELF\FOHDVDPHDQVRIWUDQVSRUW,QUHODWLRQWRWKHELF\FOHWUDIILFLWLVQHFHVVDU\WRHPSKDVL]HWKDWWKHVHUHVXOWVDUH
FRQVLGHUDEO\GLVWRUWHG LQ UHODWLRQ WRF\FOLVWV7KLV LVGXH WR WKH IDFW WKDW LQ WKH&]HFK5HSXEOLFQXPEHURISHRSOH
FRPPXWLQJWRVFKRROLVWRWDOO\PDUJLQDODQGLWVVKDUHRIWKHPRGDOVSOLWODJJHGIDUEHKLQGF\FOLQJDGYDQFHGFRXQWULHV
IRUH[DPSOH*HUPDQ\+ROODQGRU$XVWULD,IZHWDNHLQWRDFFRXQWSHRSOHFRPPXWLQJWRZRUNRQO\ WKHVKDUHRI
ELF\FOHWUDQVSRUWRQWKHPRGDOVSOLWRIWKHZKROH&]HFK5HSXEOLFLVJURZLQJTXLWHVLJQLILFDQWO\$FFRUGLQJWRWKH
&HQVXVLWZDV7KLVVWUDWHJ\DLPVWRDFKLHYHDVKDUHRIELF\FOHWUDQVSRUWSHUIRUPDQFHLQZLWKWKH
VXSSRUWRIWKHJRYHUQPHQW>@

)LJ7KHVKDUHRIPRGHVRIWUDQVSRUWRQPRGDOVSOLWLQWKHRYHUDOOUHJXODUFRPPXWLQJE\QXPEHURIPXQLFLSDOLW\LQKDELWDQWV>@
)LJVKRZVWKDWWKHUROHRIF\FOLQJWUDQVSRUWIRUHYHU\GD\FRPPXWLQJWRZRUNDQGVFKRROLVKLJKO\GHSHQGHQWRQ
WKHVL]HRIPXQLFLSDOLWLHVWKHQXPEHURILQKDELWDQWVZKLFKDUHWKHVRXUFHSRLQWV,QWKHFDVHRIODUJHPXQLFLSDOLWLHV
ZLWK PRUH WKDQ  LQKDELWDQWV WKH VKDUH RI F\FOLQJ WUDQVSRUW IRU FRPPXWLQJ PRGDO VSOLW LV HVVHQWLDOO\
LQVLJQLILFDQW *UHDWHU LPSRUWDQFH RI WKH VKDUH RI F\FOLQJ WUDQVSRUW IRU FRPPXWLQJ LV HYLGHQW LQPHGLXPVL]HG
PXQLFLSDOLWLHVWKRXVDQGLQKDELWDQWVDQGWKHKLJKHVWSURSRUWLRQLVLQVPDOOWRZQVDQGYLOODJHVLQSULQFLSOH
DOOPXQLFLSDOLWLHVRIOHVVWKDQLQKDELWDQWVZKHUHWKHYDOXHRILWVVKDUHRIWUDYHOLQJWRZRUNDQGVFKRROLVRQ
DYHUDJHDURXQGWKHVDPHDVDWWKHQDWLRQDOOHYHO>@
(VSHFLDOO\LQODUJHFLWLHV3UDJXH%UQR2VWUDYDWKHUHLVWKHSRWHQWLDOIRULQFUHDVLQJWKHVKDUHRIELF\FOHWUDQVSRUW
SHUIRUPDQFHLQWHQVRISHUFHQW,Q3UDJXHHJRIUHVSRQGHQWVDGPLWWKDWWKH\ZRXOGOLNHWRULGHDELNHUHJXODUO\
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LIWKHFLW\FUHDWHGWKHDSSURSULDWHFRQGLWLRQVSDUWLFXODUO\LQWHUPVRIVDIHW\,QVPDOOHUPXQLFLSDOLWLHVLQWKH&]HFK
5HSXEOLFWKHVKDUHRIF\FOLVWVRQWUDQVSRUWSHUIRUPDQFHGHFOLQHVGXHWRULVLQJFDUXVHLWVXQFRQWUROOHGGHYHORSPHQW
LQXUEDQFHQWUHVDQGDODFNRIVXSSRUWIRUF\FOLQJ7KLVQHJDWLYHWUHQGVKRXOGEHVWRSSHGDQGUHYHUVHG
7KHWRWDOGLVWULEXWLRQRIWUDQVSRUWDWLRQZRUNEHWZHHQWUDQVSRUWPRGHVLVVLJQLILFDQWO\GLIIHUHQWGHSHQGLQJRQWKH
OHQJWKRIWKHMRXUQH\DQGWKHGXUDWLRQRIWUDYHO4XLWHORJLFDOO\ELF\FOHWUDQVSRUWKDVODUJHUUHSUHVHQWDWLRQDWVKRUWHU
GLVWDQFHVLQWHUPVRIGLVWDQFHDQGWLPHGXUDWLRQ,QWHUPVRIOHQJWKGLVWDQFHRISHUIRUPHGMRXUQH\VELF\FOHWUDQVSRUW
DSSOLHVVLJQLILFDQWO\WRGLVWDQFHVRIDERXWNPVKDUHLQWKHUDQJHRIDQGSDUWLFXODUO\IRUMRXUQH\VEHWZHHQ
NPLWUHDFKHVYDOXHVRYHURIWKHWRWDOVKDUHRQWKHGLVWULEXWLRQRIWUDQVSRUWDWLRQZRUN:LWKLQWKHGXUDWLRQ
RIWKHMRXUQH\WKHPLQXWHVORQJMRXUQH\VFRQWULEXWHWRWRWDOUHJXODUFRPPXWLQJMRXUQH\VE\DQGMRXUQH\VZKLFK
WDNHIURPWRPLQXWHVDUHDERXW)RUORQJHUMRXUQH\VWKHVKDUHLVDOUHDG\LQVLJQLILFDQW>@

8UEDQDQGVXEXUEDQELF\FOHWUDQVSRUW
7KH DGYDQWDJH RI ELF\FOH WUDQVSRUW FRPSDUHG WR RWKHU PRGHV RI WUDQVSRUW LQ FLWLHV LV HVSHFLDOO\ LWV HFRQRPLF
HIILFLHQF\ QRLVHOHVVQHVV HQYLURQPHQWDO IULHQGOLQHVV DQG ORZGHPDQGVRQ ODQGXVH$W FXUUHQW OHYHORIPRWRUL]HG
WUDQVSRUWWKHPRWLYDWLRQRIVRPHJURXSVRILQKDELWDQWVIRUPRUHIUHTXHQWELF\FOHXVLQJLVDOVRWKHHOLPLQDWLRQRIDQ\
WURXEOHZLWK VHDUFKLQJ IRUDSDUNLQJVSDFHRUZLWKJHWWLQJ MDPPHG LQ WUDIILFFRQJHVWLRQV0RUHRYHUXQOLNHPRWRU
WUDQVSRUWF\FOLQJFDQSURYLGHLQGLYLGXDOPRELOLW\LQDOPRVWDOOSRSXODWLRQJURXSVUHJDUGOHVVRIWKHLUDJHRULQFRPH
OHYHO
,QXUEDQL]HGDUHDVELF\FOHWUDQVSRUWSURYLGHVFRQVLGHUDEOHIOH[LELOLW\IRULWVSDUWLFLSDQWVDQGSDUWO\DOVRSURYLGHV
WUDQVSRUWVHUYLFHV LQ WKHUHJLRQV)RUDQDGHTXDWHXVHRI WKHF\FOLQJSRWHQWLDODQGIRU LQFUHDVLQJWKHPRWLYDWLRQRI
LQKDELWDQWVWRGDLO\ELF\FOHXVLQJLWLVQHFHVVDU\ILUVWRIDOOWRFUHDWHDQRIIHURIVDIHF\FOHLQIUDVWUXFWXUHLQFOXGLQJ
EDFNJURXQGIDFLOLWLHV7KHUHDUHPDQ\PHDVXUHVWRLPSURYHFRQGLWLRQVIRUELF\FOHWUDIILF$PRQJWKHEDVLFRQHVZH
FRQVLGHUWUDIILFFDOPLQJRQGHWHUPLQHGXUEDQURDGVE\FUHDWLQJVRFDOOHGUHVLGHQWLDO]RQHVZLWKVSHHGOLPLWVIRUFDU
GULYHUVWKHLPSOHPHQWDWLRQRIELF\FOHODQHVRUEXLOGLQJVHSDUDWHF\FOHSDWKVDQGWUDFNV
)RUWKHUHDOL]DWLRQRIELF\FOHWUDQVSRUWLHULGLQJIURPKRPHWRZRUNVFKRROVRIILFHVHWFVRPHPHDVXUHVDUH
QHFHVVDU\>@
x WKHH[LVWHQFHRIVDIHW\LQIUDVWUXFWXUHLGHDOO\VWUDLJKWVHFWLRQVZLWKORZHOHYDWLRQ
x SRVVLELOLW\WRVWRUHDELF\FOHLQLQWHJUDWHGWUDQVSRUWV\VWHPWHUPLQDOVRUDWUDLOZD\VWDWLRQVLQWKHFDVHRI
UHDOL]DWLRQRISDUWRIMRXUQH\E\SXEOLFPHDQVRIWUDQVSRUWRUGLUHFWO\DWWKHGHVWLQDWLRQRIFRPPXWLQJZRUN
VFKRRORIILFHVFRPPHUFLDOIDFLOLWLHV
7KHOHYHORIF\FOLQJWUDQVSRUWIRUGDLO\FRPPXWLQJWRZRUNDQGVFKRROLQWKH&]HFK5HSXEOLFYDULHVZLWKWKHVL]H
RIWKHFLW\RUWRZQZKLFKDUHWKHRULJLQVRIMRXUQH\V(Fig. 1.),QWHUHVWLQJDQGVLJQLILFDQWGLIIHUHQFHVPD\RFFXULQ
VRPHWUDQVSRUWPRGHVLIZHFRPSDUHUHJXODUFRPPXWLQJWRZRUNDQGVFKRRO
3.1. Commuting to Work 
,IZH FRPSDUH WUDYHOLQJ WRZRUNZLWK WRWDO UHJXODU FRPPXWLQJGHSHQGLQJRQ WKHQXPEHU RI LQKDELWDQWV RI WKH
PXQLFLSDOLWLHV(see Fig. 2.)ZHZLOOILQGWKDWWKHWUHQGRIFKDQJHVRIVKDUHVRIHDFKWUDQVSRUWPRGHVLVYHU\VLPLODULQ
ERWKFDVHV
:LWKLQWKHGDLO\FRPPXWHWRZRUNWKHVKDUHRIF\FOLQJWUDQVSRUWLVJHQHUDOO\DOLWWOHKLJKHUZKHQFRPSDUHGWRWKH
WRWDOUHJXODUFRPPXWLQJ7KHPRVWVWULNLQJGLIIHUHQFHLVLQWKHFDVHRIPHGLXPVL]HGDQGVPDOOWRZQVXSWR
LQKDELWDQWVDQGDOOWKHVPDOOYLOODJHVZKHUHWKHVKDUHRIF\FOLQJLVLQWKHUDQJHRIDERXW>@
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3.2. Commuting to school 
7KHFRXUVHRIVKDUHVRI LQGLYLGXDOPRGHVRI WUDQVSRUW IRU MRXUQH\V WR VFKRRO LV VLJQLILFDQWO\GLIIHUHQW IURPIRU
MRXUQH\VWRZRUN,QVXPPDU\ZHFDQVD\WKDWWKHMRXUQH\VWRVFKRRODUHOLPLWHGRQO\WRDIHZPRGHVRIWUDQVSRUW
GHSHQGLQJRQWKHVL]HRIWKHPXQLFLSDOLW\ZKLOHF\FOLQJWUDQVSRUWKDVDKLJKO\PDUJLQDOUROH
3HGHVWULDQ WUDIILF DQG SXEOLF WUDQVSRUW DUH UHSUHVHQWHGPRUH VLJQLILFDQWO\ZKRVH UHODWLYH SURSRUWLRQ IOXFWXDWHV
GHSHQGLQJRQVL]HRIWKHPXQLFLSDOLW\PHGLXPDQGODUJHFLWLHVSHGHVWULDQWUDIILFIURPWRDKLJKHUSURSRUWLRQ
RISXEOLFWUDQVSRUW,QWKHFDVHRIVPDOOWRZQVDQGYLOODJHVDUHMRXUQH\VWRVFKRROVPRVWO\UHDOL]HGE\IRRWRULQVPDOO
PXQLFLSDOLWLHVZLWKWKHODFNRIHGXFDWLRQDOIDFLOLWLHVE\XVLQJWKHSXEOLFLQWHUFLW\EXVVHUYLFHVSDUWLDOO\VXSSOHPHQWHG
E\UDLOWUDQVSRUW>@


)LJ7KHVKDUHRILQGLYLGXDOPRGHVRIWUDQVSRUWRQPRGDOVSOLWIRUMRXUQH\VWRZRUNE\PXQLFLSDOLWLHV
SRSXODWLRQ>@
$QDO\VLVRIWKH7UDQVSRUW%HKDYLRURI,QKDELWDQWVLQ&HVNH%XGHMRYLFH
1DWLRQDOFHQVXVLQSURFHVVHGE\WKH&]HFK6WDWLVWLFDO2IILFHLVFRPSOH[PDWHULDOIRUVSDWLDOFKDUDFWHULVWLFVRI
WUDQVSRUWSRSXODWLRQIORZV3XEOLVKHGUHVXOWVIRUFRPPXWLQJDFFRUGLQJWRSRSXODWLRQQXPEHURIPXQLFLSDOLWLHVZHUH
PDGHDYDLODEOHLQ:HVXSSRVHWKDWGDWDRIMRXUQH\VWRZRUNDQGVFKRROIURPWKH3RSXODWLRQDQG+RXVLQJ&HQVXV
DFFRXQWVIRUDERXWKDOIRIDOOMRXUQH\VSHUIRUPHGE\LQKDELWDQWVEHFDXVHWKHUHLVQRUHDVRQWRWUDYHOHJJVKRSSLQJ
VHUYLFHV OHLVXUH 7KHPRELOLW\RI HFRQRPLFDOO\ LQDFWLYHSHRSOH LV DOVRQRW LQFOXGHGRU VSHFLILFDOO\DFWLYHSHRSOH
ZRUNLQJIURPKRPHZRUNLQJZLWKRXWDSHUPDQHQWZRUNSODFHSUHVFKRROHUVXQHPSOR\HGSHQVLRQHUV>@
$OPRVWDOOMRXUQH\VPDGHE\&HVNH%XGHMRYLFHUHVLGHQWVDUHOHVVWKDQNP7KHVHWULSVDUHSRVVLEOHWRSHUIRUPE\
ELF\FOHLIWKHFRQGLWLRQVDUHULJKWDQGWKHSXUSRVHRIWUDYHOOLQJFRUUHVSRQGVWKLVZD\HVSHFLDOO\WUDQVSRUWRYHUVL]HG
OXJJDJHRURWKHUREMHFWV7KHFLW\RI&HVNH%XGHMRYLFHKDVIDYRUDEOHPRUSKRORJLFDOFRQGLWLRQVKRZHYHUWKHELF\FOH
WUDQVSRUWLVQRWVRPXFKXVHG>@
(YDOXDWLRQRI'DWDIURP&\FOLQJ7UDQVSRUW8VLQJWKH)UHHO\$FFHVVLEOH2QOLQH7RROV
&\FOHWUDIILFKDVWKHDGYDQWDJHWKDWLWFDQEHPRQLWRUHGXVLQJRQOLQHWRROVWKDWXVHUVFDQLQVWDOORQWKHLUPRELOH
SKRQHVZLWKEXLOWLQ*36ORFDWRU7KHUHDUHGLIIHUHQWW\SHVRIFRPPHUFLDODQGIUHHZDUHDSSOLFDWLRQVVRPHRIWKHP
DUHDEOHWREXLOGXSDFRPSUHKHQVLYHPDSZLWKWUDIILFLQIRUPDWLRQPDLQO\XVLQJJRRJOHPDSV7KHGLVDGYDQWDJHRI
FRXUVHLVWKDWWKHVHDSSOLFDWLRQVDUHPRVWO\XVHGE\UHFUHDWLRQDOF\FOLVWVDQGDWKOHWHVDQGWKLVLVQRWDFRKHUHQWJURXS
RIDOOF\FOLQJXVHUV>@:LWKLQF\FOLVWWUDIILFVXUYH\FRQGXFWHGLQLQWKHFLW\RI&HVNH%XGHMRYLFHDQDQDO\VLVRI
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RQOLQHGDWDE\6WUDYDFRPSDQ\ZDVFRQGXFWHG7KHFRPSDQ\JDWKHUVGDWDIURPPRELOHSKRQHVDSSOLFDWLRQVDQG*36
VSHHGRPHWHUV7KLVPDWHULDOPD\EHWDNHQLQWRFRQVLGHUDWLRQRQO\DVRQHRIEDVLFPDWHULDOVIRUDQDO\VLQJELNHULGLQJ
PDLQO\DPRQJUHFUHDWLRQDODQGVSRUWF\FOLVWV+RZHYHUWKHGDWDLWVHOIFDQQRWEHWKHRQO\VRXUFHIRUIXWXUHGUDIWRI
F\FOLQJPHDVXUHVLQWKHDUHDRUIRUSURMHFWVRIELNHSDWKVRUELNHWUDLOV>@

)LJ6KDUHRILQGLYLGXDOPRGHVRQWUDQVSRUWPRGDOVSOLWE\WKHOHQJWKRIWUDYHOOHGGLVWDQFHLQ&HVNH%XGHMRYLFH>@
0DQXDO%LNH)ORZ&RXQWLQJ
7RHYDOXDWHWKHLQWHQVLW\RIELF\FOHWUDQVSRUWDQGIRUVXEVHTXHQWFRPSLODWLRQDQGFDOLEUDWLRQRIWKHPRGHORIELF\FOH
WUDQVSRUW LW LVSRVVLEOH WRXVHGDWDIURPWUDIILFVXUYH\V LQ WKH&]HFK5HSXEOLF7KHUHDUHYDULRXV WUDIILFRUELF\FOH
WUDQVSRUWVXUYH\VZLWKLQWKHVSHFLILFDUHDVFDUULHGRXWE\UHVSHFWLYHPXQLFLSDOLWLHVDVZHOODVGDWDRIELF\FOHWUDQVSRUW
FDUULHGRXWWKURXJKWKH1DWLRQDO5RDG7UDIILF&HQVXVIURP&6'7KHVHGDWDDUHIUHHO\DYDLODEOHRQWKHZHEVLWH
RIWKH5RDGDQG0RWRUZD\'LUHFWRUDWH56'EXWWKH\DUH\HDUVROGDQGLWLVFXUUHQWO\XQFOHDUZKHWKHUWKHQH[W
QDWLRQZLGHFHQVXVRIURDGWUDIILFZLOOWDNHSODFHWKLVVXUYH\ZDVHYHU\ILYH\HDUV$QRWKHUSUREOHPWKDWWKLVGDWD
EULQJVLVTXHVWLRQRIPHWKRGRORJLFDOXQLIRUPLW\LQDSSURDFKQDPHO\ZKHWKHUWKHELNHIORZFRXQWLQJZDVSHUIRUPHG
LQWKHDUHDRIPDLQWUDQVSRUWURDGVRQO\+'3RULQWKHZKROHDUHDRIVWUHHWDVZHOODVVRFLDWHGDUHDV33ZKHUH
ZHFDQILQGELJQXPEHUVRIRWKHUF\FOLVWV'DWDLQIDFWLQGLFDWHVWKDWWKHPHWKRGRORJ\RQLQGLYLGXDOSURILOHVRIVWUHHWV
GLIIHUV,WLVWKHUHIRUHDSSURSULDWHWRRUJDQL]HDVHSDUDWHELNHIORZVXUYH\WKHPHWKRGRORJ\RIRQHVXFKVXUYH\DXWKRUV
RIWKLVSDSHUGHVFULEHLQWKHIROORZLQJOLQHV>@
,Q6HSWHPEHU WKH$'26FRPSDQ\FRQGXFWHGPDQXDOELNHIORZFRXQWLQJRQURDGMXQFWLRQVLHRQ
VHOHFWHGVWUHHWSURILOHVLQWKHWRZQRI&HVNH%XGHMRYLFHDVDSDUWRIFUHDWLQJD*HQHUDO3ODQRI%LF\FOH7UDQVSRUW
6XUYH\VLQVHOHFWHGVWUHHWSURILOHVIRFXVHGRQWKHDUULYDOLQWKHFLW\FHQWHUDQGRQSURILOHVZKHUHLWZDVQHFHVVDU\WR
FRPSDUHWKHXVHRIWKH0DLQ5RDG7UDQVSRUW$UHD+'3DQG$IILOLDWHG$UHDV33DOWKRXJKVRPHRIWKHVHSDVVHV
ZHUHRIWHQLOOHJDO7KLVVHOHFWLRQZDVVWURQJO\LQIOXHQFHGE\WKHQHHGVRIFDOLEUDWLRQRIWKHELF\FOHWUDQVSRUWPRGHO
7KHFHQVXVZDVFDUULHGRXWRQDOOVWUHHWSURILOHVFRQWLQXDOO\LQWKHZHHNGD\VIURPWRDQGSPWR
SPLQDFFRUGDQFHZLWKUHFRPPHQGDWLRQ73,QIDFW WKHPRUQLQJUXVKKRXUVWDUWVHDUOLHUVRDODUJHSDUWRI
F\FOLVWVLQWKHPRUQLQJSHDNZDVQRWLQFOXGHG$FFRUGLQJWR73PHWKRGRORJ\)RUPRVWRIWUDIILFHQJLQHHULQJ
DSSOLFDWLRQVWKHVXIILFLHQWWLPHLVVXFKDVXUYH\SHULRGIRUZKLFKWKHFRQYHUVLRQFRHIILFLHQWNPG,QWKLVFDVH
WKHVXUYH\SHULRGLVVXIILFLHQW>@


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
)LJ([DPSOHRIGDWDDQDO\VLVSHUIRUPHGE\WKH6WUDYDFRPSDQ\%LF\FOHWUDQVSRUWLQWKHWRZQRI&HVNH%XGHMRYLFH>@
0HDVXUHGYDOXHVZHUHFRPSDUHGZLWKGD\ORQJFRXUVHVRIKRXUO\QXPEHURIF\FOLVWVDFFRUGLQJWR732QWKH
EDVLVRIWKHFRXUVHRIKRXUO\LQWHQVLWLHVDQGWKHLUVLPLODULW\WRWKHFRXUVHVIRUWUDQVSRUWIXQFWLRQDQGPL[HGIXQFWLRQV
GHWHUPLQHGLQ73WKHW\SLFDOGDLO\FRXUVHRIKRXUO\ELF\FOHLQWHQVLWLHVIRUHDFKVWUHHWRIWKHWRZQZDVHVWLPDWHG
7KHUHVXOWLQJGDWDKHOSHGLQJUHDWPHDVXUHWRFUHDWHDPRGHORIELF\FOHWUDQVSRUWDQGWRLWVFDOLEUDWLRQDVZHOO>@
0RQLWRULQJRIF\FOLVWVXVLQJDXWRPDWLFFRXQWLQJGHYLFHV
$XWRPDWLFFRXQWLQJGHYLFHVXVHVLPLODUFRPSRQHQWVDVWKHPHDVXULQJGHYLFHVIRUFRXQWLQJYHKLFOHVLQURDGWUDIILF
EXW WKH\ DUH DGDSWHG SUHFLVHO\ IRU WKH SXUSRVH RI FRXQWLQJ RI KXPDQ ERGLHV RU ELNHV$GYDQFHG WHFKQRORJ\ FDQ
GLVWLQJXLVKEHWZHHQF\FOLVWVSHGHVWULDQV LQFOXGLQJ LQOLQH VNDWHUV DQG DXWRPRELOHV6HQVRUV UHFRUG WKH LQGLYLGXDO
XVHUV DQG SRVVLEO\ WKH GLUHFWLRQ RI WKHLU PRYHPHQW DQG WUDQVIHU WKHP WR FHQWUDO SHUVRQDO FRPSXWHU IRU IXUWKHU
SURFHVVLQJ
,Q WHUPV RI WHFKQRORJ\ GHYLFHV FDQ EH GLYLGHG LQWR FDWHJRULHV ZKLFK GLIIHUPDLQO\ LQ VHQVLWLYLW\ D IRFXV RQ
LQGLYLGXDOXVHUVDQGWKHFRPSOH[LW\RIDVVHPEO\>@
x 3UHVVXUHVHQVRUV7RFRXQWLQJWKHSHGHVWULDQVRUF\FOLVWVWKHV\VWHPRIWUHDGSODWHDQGWZRSDUDOOHOWXEHVHPEHGGHG
WUDQVYHUVHO\EHQHDWKWKHVXUIDFHRIWKHELNHSDWKRUELNHODQHFDQEHXVHG7KHVWHSSHUSXOVHWRWKHSODWHRUWKH
SUHVVXUHFDXVHGE\VZLSLQJWKHZKHHOVDFURVVWKHWXEHVLVWUDQVPLWWHGWRWKHPHDVXUHPHQWGDWDXQLWVZKHUHWKH
IUHTXHQF\VHWE\LQWHUYDOVHJKRXUDQGGLUHFWLRQDUHUHFRUGHG7XEHV\VWHPVFDQEHXVHGDVSRUWDEOHNLWVIRU
VKRUWWHUPPHDVXUHPHQWVDVZHOO
x 3\URHOHFWULF VHQVRUV  'HWHFW ERG\ KHDW DQG ZRUN XQGHU DOO QRUPDO FOLPDWLF FRQGLWLRQV *XDUDQWHHG ZLGWK RI
PRQLWRUHG URDGSURILOH LVP7KH DGYDQWDJHRI WKLV WHFKQRORJ\ LV WKH HDVHRI LQVWDOODWLRQ DQG FRQVLGHUDEOH
LQFRQVSLFXRXVQHVVRIGHYLFHVEHFDXVHWKH\FDQEHFDPRXIODJHG7KH\FDQEHSODFHGLQWRWKHER[HVXQGHUJURXQG
RU LQVWDOOHG LQWR H[LVWLQJ REMHFWV YHUJH SRVWV UDLOLQJV HWFZKLFK LV KLJKO\ GHPDQGHG IRU WKHPRQLWRULQJ LQ
YDOXDEOHQDWXUDODUHDVRULQDUHDVZLWKDKLJKHUULVNRIYDQGDOLVP
x ,QIUDUHGVHQVRUV2SHUDWHRQWKHSULQFLSOHRILQWHUUXSWLRQVRILQIUDUHGEHDP7KHGHYLFHJHQHUDOO\FRQVLVWVRIWZR
SDUWVDEHDPWUDQVPLWWHUDQGDUHFHLYHUZKLFKDUHORFDWHGRQERWKVLGHVRIWKHPRQLWRUHGFRUULGRUHJELF\FOH
SDWKV7KHEHDPLQWHUUXSWLRQRFFXUVZKHQF\FOLVWVDUHULGLQJEHWZHHQWKHVHSDUWVRIWKHGHYLFH7KHDGYDQWDJHRI
WKLVWHFKQRORJ\LVWKDWLWFDQPRQLWRUZLGHUELNHSDWKVWKHUHDFKRIWKHEHDPPD\LIQHFHVVDU\EHXSWRPHWHUV
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x (OHFWULF ,QGXFWLRQ ORRSV  $ WKLQ ORRSVKDSHG ZLUH JHQHUDWHV HOHFWULFDO SXOVH ZKHQ SDVVLQJ D PHWDO REMHFW
$GMXVWDEOHUDWHRIVHQVLWLYLW\DOORZVWKHXVHRIWKLVGHYLFHLQFRPELQHGWUDIILFRIF\FOLVWVDQGFDUVVRWKDWWKHGHYLFH
UHFRUGVRQO\SDVVLQJF\FOLVWV7KHHTXLSPHQWUHTXLUHVDGHPDQGLQJLQVWDOODWLRQLQWHUYHQWLRQLQWRWKHURDGVXUIDFH
LVQHHGHGWKHDGYDQWDJHLVWKHDELOLW\WRXVHHYHQIRUZLGHUELNHSDWKVIRRWSDWKVDQGURDGV
x 0DJQHWLFVHQVRUV7KH\ZRUNRQWKHVDPHSULQFLSOHDVWKHSUHYLRXVGHYLFHVKRZHYHUWKHVHQVRUGHWHFWVSDVVLQJ
PHWDOREMHFWVLQLWVFLUFOHRIHIILFLHQF\ZLWKDUDGLXVRIWRPHWHUV7KHGHYLFHFDQEHSODFHGLQWKHFHQWHURI
PRQLWRUHGURXWHRURQWKHHGJHZLWKWKHZLGWKRIWKHWUDLOXSWRPHWHUV,QQDUURZHUWUDLOVLWUHSUHVHQWVDHDVLHU
FKHDSHU DQG LQFRQVSLFXRXVPRQLWRULQJRSWLRQEHFDXVH LW GRHVQRW UHTXLUH LQWHUYHQWLRQ LQWR WKH VXUIDFHRIELNH
URXWHV
x 7KHODVWFDWHJRU\UHSUHVHQWVFRPELQHGGHYLFHVXVLQJWKHFDPHUDVDWHOOLWHRUWHUUHVWULFSKRWRJUDSKLFUHFRUGVRU
YLGHRGHWHFWLRQHTXLSPHQW
,QGLVSXWDEOHDGYDQWDJHRIPRVWRI WKHVHGHYLFHV LV WKHSRVVLELOLW\RI ORQJWHUPPHDVXUHPHQWV ,Q WKLVZD\ LW LV
SRVVLEOHWRREWDLQGDWDIURPELF\FOHWUDQVSRUWWKURXJKRXWWKH\HDUDQGWKHUHLVQRQHHGWRGHWHUPLQHDQQXDODYHUDJH
LQWHQVLWLHVDFFRUGLQJWRWKHPHWKRGRORJ\737KHIROORZLQJ)LJXUHVKRZVWKHYDULDWLRQRIGD\ORQJELNHWUDIILF
YROXPHVGLYLGHGE\GLUHFWLRQV,1287IRUWZRELF\FOHSDWKVLQ&HVNH%XGHMRYLFHHTXLSSHGZLWKDXWRPDWLFFRXQWLQJ
GHYLFHV>@


)LJ7KHRXWSXWRIDXWRPDWLFFRXQWLQJGHYLFHVIRUF\FOLVWVORFDWHGQHDUWKHWRZQRI&HVNH%XGHMRYLFH>@
&RQFOXVLRQ
,QWKHLQWURGXFWRU\SDUWRIWKHDUWLFOHWKHDXWKRUVGHVFULEHWKHJHQHUDOEHQHILWVRIF\FOLQJWUDQVSRUWIRUVRFLHW\DQG
WKH HQYLURQPHQW RI FLWLHV DQG UHJLRQV > @ ,Q WKH DUWLFOH WKH SUREOHPV RI SODQQLQJ DQG ILQDQFLQJ RI F\FOLQJ
LQIUDVWUXFWXUH DUH GHVFULEHG DQG WKH VWDWH RI GHYHORSPHQW RI F\FOLQJ WUDQVSRUW LQ WKH 6RXWK %RKHPLDQ 5HJLRQ LV
PHQWLRQHGDVZHOO$XWKRUVFRQFHLYHGWKHFRQWULEXWLRQDVUHFKHUFKpRIDYDLODEOHPDWHULDOVDQGUHVHDUFKSURMHFWVWKDW
VLJQLILFDQWO\FRQWULEXWH WR WKHSODQQLQJRIF\FOLQJLQIUDVWUXFWXUH7KHJUDSKLFDOSDUWRI WKHDUWLFOH LQFOXGHVVSHFLILF
RXWSXWRIWKHILQDOUHVHDUFKUHSRUWRIWKHSURMHFW&<&/(ZKLFKVKRZVWKHVKDUHRILQGLYLGXDOPRGHVRIWUDQVSRUW
PRGDOVSOLWRQWKHOHQJWKRIWUDYHOOHGGLVWDQFHLQWKH&HVNH%XGHMRYLFH$QRWKHURXWSXWRIWKHDUWLFOHLVDYDULDWLRQRI
ELF\FOHWUDQVSRUWDVIXQFWLRQRIWLPHGXULQJWKHGD\7KLVYDULDWLRQZDVGHWHFWHGGXULQJPRQLWRULQJRIF\FOLQJWUDQVSRUW
RQWZRPDMRUF\FOLQJWUDFNVQHDU&HVNH%XGHMRYLFHE\WKHLQVWDOOHGDXWRPDWLFFRXQWHUVRIF\FOLVWVDQGSHGHVWULDQV
>@
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,QFRQFOXVLRQLWLVDSSURSULDWHWRPHQWLRQWKDWWKHFRUUHFWDOORFDWLRQRIILQDQFLDOUHVRXUFHVWRWKHGHYHORSPHQWDQG
FRQVWUXFWLRQRIELF\FOH LQIUDVWUXFWXUH LQ WKH UHJLRQV LV WKH ULJKWZD\ WR LPSURYH WKHDWWUDFWLYHQHVVRI WKLVPRGHRI
WUDQVSRUWEHFDXVHZLWKDQLPSURYLQJRITXDOLW\DQGDERYHDOOVDIHW\RIELNHURXWHVDQGSDWKVIRUF\FOLVWV¶GHPDQGRI
XVHUVRIWKHVHURXWHVLVJURZLQJDVZHOO,IF\FOLQJLQIUDVWUXFWXUHRIIHUVTXLFNDQGVHFXUHFRQQHFWLRQEHWZHHQWKHVRXUFH
DQGGHVWLQDWLRQRIMRXUQH\WRUHVLGHQWVRIUHJLRQELF\FOHWUDQVSRUWZLOOQRWRQO\SURYLGHUHFUHDWLRQDOIXQFWLRQEXWDOVR
WKHIXQFWLRQRIWUDQVSRUWDWLRQDQGWKLVZLOODOVRUHGXFHWKHQHJDWLYHLPSDFWVRIPRWRUL]HGWUDQVSRUWRQWKHHQYLURQPHQW
5HIHUHQFHV
>@&'97KHDQDO\VLVRIQHHGVRIF\FOLQJLQIUDVWUXFWXUHLQWKH&]HFK5HSXEOLF&<&/()LQDOUHVHDUFKUHSRUWIRUVXEJRDO6WXG\RIWKH
DFWXDOVKDUHRIF\FOLQJWUDQVSRUWRQWKHPRGDOVSOLW%UQR-DQXDU\
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>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